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INTRODUCTION 
The temperature of water in a river system affects fish in 
various ways; it has an influence on feeding habits, movement and 
metabolism. All fish vary in their ability to tolerate fluctu-
ations in temperature, but those that live in a reasonably stable 
environment are more sensitive to major changes (tropical fish) 
than are salmon which can tolerate abrupt changes. 
The body temperature of the majority of fish differs from 
that of the surrounding water by only 0.5 to 1.0OC,and changes 
in temperature can, in many cases, be a signalling factor for 
some process, for example spawning, migration or feeding. 
It has been found, after monitoring the activity in 2,623 
salmon in the Eiver Lune, that they live in a water temperature 
of 0-17OC, and the variations are embodied in the tables. whilst 
salmon ova can develop in a temperature range of 0-12OC, spawning 
talces place within a much closer range, and these tolerances will 
be found in the Report. 
Humidity influences in relation to movement have not been 
fully examined, and the humidity table is included at the end 
only as a matter of interest. This factor is being studied at 
the present time in relation to evaporation. 
Fish in this report should be construed as salmon. 
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AN ANALYSIS OF FISH MOVEMENT 
RELATED TO TEMPERATURE 
The Tables on pages 3 and 4 show how 2,623 fish moved in a 
range of water temperatures, recorded during April to October in 
1964 and 1965. The tables on pages 13 and 14 show the number of 
hours that the temperature was available to the fish. The probit 
analyses (pages 5-12) show the movements of these fish for each 
month against temperature/time availability. 
The probit analyses also indicate that whilst temperature 
varies over a wide range, there is no particular level which has 
a significant effect upon fish movement. This finding emphasissd 
the need for further examination of the records, and analyses 
have now been made of the movements of the fish against air and 
water temperature and time, recorded at the precise moment of 
time when the fish passed upstream. 
The analyses have shown that there are three specific 
sequences in fish movement occurring during Spring, Summer and 
Autumn. 
For the purposes of examining the data, the following symbols 
will be used v/hen the air temperature falls below the water 
temperature and vice versa:-
(AT < WT, and AT > WT respectively) 
The table and graph on page 15 show the numbers of fish 
moving each month through the Broadraine trap. The percentage of 
time when the AT < WT and AT > WT and when fish moved are also 
given. These relate only to the time when fish moved during each 
month. 
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The tabulated results shown on page 15 demonstrate three 
periods of activitys-
(1) April/Mays When fish movement is not related to 
any major degree to temperature differentials. 
(2) June/Augusts A marked change occurs with the 
onset of summer with a higher proportion of 
fish moving when the AT < WT. 
(3) September/Octobers With the approach of Aututm, 
temperature differentials again become less 
important and conditions may be gradually 
reverting to those applicable in Spring. 
Over a period of 24 hours throughout the Summer months, the 
AT > WT for a longer period than in Spring or Autumn. Concomi-
tant with this, fish movement during the Summer is, therefore, 
restricted to a lesser number of hours when the AT < WT. The 
movement of fish when AT < WT may have some like influence on 
the activity of other fauna in a river system. 
The physiological changes occurring in fish, culminating in 
their spawning during October and November may be relevant. 
Temperatures during September and October appear to be more 
stable than in Spring or Summer. This factor may indicate to 
fish that conditions are becoming favourable for the deposition 
of their ova in the rivers. This may also be related to the 
earlier spawning seasons in some parts of this country than in 
others and also to the variation of spawning seasons from year 
to year in the same river. This stability may also indicate to 
the fish that a temperature tolerance is about to occur which is 
unlikely to rise much above 12 C, which is considered to be the-
upper limit for the survival of salmon ova. 
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This can be seen from the table below:-
It would be interesting to investigate the temperature 
characteristics of a river having a "Spring run" of salmon as 
opposed to the River Lune, which has a "Summer run" out of all 
proportion to its meagre "Spring run". 
The temperature tables have indicated a mean temperature of 
11 C. in September and 7 C. in October, a range which is within 
the limits for survival of ova and the spawning frequencies 
previously demonstrated. 
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If water is regulated in flow down a river during these 
months from large impounds, a close watch on the temperature of 
the water so released is advocated. To discharge water at high 
temperatures during these months may induce earlier spawning 
cycles. This, of course, may or may not be detrimental, and 
research may have been done on this, but I have no knowledge 
of it. 
Where water is regulated as a discharge during the months 
of June to August, the time at which it is released may be of 
great importance. In such circumstances, regard should be given 
to river temperatures and time, for the tables have shown how 
more fish move when the water temperature is at a certain 
tolerance. During the night, the air temperature is usually 
belov\r the water temperature and, if water is released from an 
impound which is at a temperature considerably higher than that 
in the river, then fish movement may be retarded. 
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FISH MOVEMENT CORRELATED TO WATER TEMPERATURE VARIATIONS 
WATER TEMPERATURE 
APRIL TO OCTOBER ,1964 and 1965 
CORRELATED TO TIME IN HOURS 
APRIL TO OCTOBER 1964 and 1965 
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